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Several ejector configurations 3mi-e iavestigated to detemiim the
abil.it,ytohadle  the airrequiredforengine  cooling. Theresulk
presentedare limitedto ime8tigations of codcal-typemixing-section
ejeotors at ratios of mztximn-8e~tionminiumn diameter to primary-jet-
nozzle diatnster of l.P, 1.10, end. 1.00 using unheated air. Results
were c~t38-plotteaincharts  to 8h0utheperfommc e of ejector8 with
oonfigurati~ withinthe range of those imeetigated.

The erperimeniid. results ma that far diameter ratio8 of 1-W
ana 1.10 the spauing givingm air flav varied  tith -w
.ratio but aza not vary with primry and secondmy pressure ratioe.
Ejector operation at a dime% ratio of 1.00 waa ocmpsratively  orit-
ical esd u8e of difm&er ratio8 close to 1.00 8hdabe avoidea. The .
ejector8 tie8t~aTbd conductea  8eao&sry air flow8 of less thsn I.5 per-
cent of the primmy air flow when the aewndsry pressure ratio was 1888_I- -- than or equal to 1.0; in general, the thrust obtainedby u8e of a
corxLcal~-section  ejector vmba m3.y ddghtly from that developed
bgthe~jetalonebuta~de~asein~wasno~a'Tlith
configuration8 having a large 8pa0ing between the primary-jet exit an&
the mn~8ection exit.

Term;peratum limitations in the development of high-perf0mance
turbojet engine8 and in the develomnt of thmst augmentationby
mchmeans a8 tail-pipe burning are of cxmcern atthepreeent stage
of jet-engine  develo~nt. The air ejector a8 a simple, light-weight
~tfor~ingcoolingairie~~eingasaealutioatohigh-
temperature problaans. The ejectm a8 a purging device and a8 a thrust
axgnentor haa been the dbject of nmerom ime8tigatim8,boththeo-
retied. ezdeqerimental.

.
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Methods oftheoreticea  enely6iEi ofejectorel  are developed in
referencee 1 and2;refe3xmoe1al6opreserrtsresulta  ofztnvestlga-
tiont3 of ejectom havztng ratioe of dxixxaecti~- diameter
toprimary-jet-1u3ezle  diameter De/bp franappkxlmatelyl5.5  to 23.5
with atimt mbdag section8 after the conkal w section. Other
tive~tZgatiom  have beenude with conical~eection  ejectora
having mailer &LanWxxr rati-. Ingeneral, however, the rrvailable
ejector data apply to ejectors havbg diameter ratios too lerge to make
f&em applicable to karbojet coolzSng problems.

Inardertoertendtherangeofexl6tlngperfmnmc0 data an&to
de- mean8 of applying model-ejector data to the deeiep of full-ecale
ejectorar tlae EACA Cleveland laboratcxq i.e conducting an ~Inmntal
an& enalytlcal  InvestQation of cooling-air ejectora. The purpom of
thU tiveetigation is to establish the performam 8 of various ejecti
conf%guratims  capable of pumpbg mall quentitiee  of secodzy air
(ftram5 tc 3Opercentofthe tpmntitydtmhergedbythe  primary-jet
nozzles a@tocomelate  theresult8wlthejectortheury.  ~IumntaJ.
perfomance da~obt~dwithmodelejecearshav~c~cal~
sectiollrr and. dbnxder ratSo of1.2l, 1.10, and 1.00 over a range of
primary premmre rat106 Pp/po and leecondary preesure ratlo Pa/p0
m presented. Inordertom3nidee the male effect, themodel e ec-
tcCeweremadf3  aelarge aspoae0ile (prlmatyjetdlmt3ter, 4.0 in.,?
beinglb&eddLybytb  evailable edrc@acity. Th18tgpeofejectmt
alt?loughs-lessefflcle~~perf~ than- --
tiom, is of l,diereat an that it is etmple to cont3truct, I8 mLxce d.lmae
thap~otherc~~~Lane,and~~i~elfvell~~~apd
torearfuselage lnetallatiople.  The inveetigatfonwae ccmductedwith
acarrioal~imary-jet nozzle  having a discharge dimieter of 4 Incheg.
The atr wef3 aheated. The ejector namnclatureusedheretiiedefIned
in fY.gtm 1.

The apparatus used for the model-ejector inveetigation ie sche-
matically fhown In figllre 2. The hi&-velocity air of the prbary
jet discharges Into the d.xbg sectIon atulIn&ces aecond0ry flow
mroughteJ conceIl~ic~aection. Theperfmuanc8 of an ejec-
torcanbe eva&ded.bymeaauringthe  amountofeecandaryeJrflow
lnhceaandthe  3ncrea8e intbrtmtduetothe  8econdary flowatvari-
ous ccmb~tiona ofprImary=total-preseure  ratio andeeconderg-
preemre ratio.

.
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The primargand secondary sy&eaa are a0 eeparated as to per&t
me~~tofthe~~~o~eachand+ocoptrolindspendentlythe
total pressures. TX both systems, air flow is measured by standard
A.S.M.E. sharp-edged mif$cea. Temperaturesaremeasuredbyiran-
constanten themocouples and a potentimeter.  For the primary-jet
nozzle, the temperature  and total-pressure  measmm station is
located 4 aiametera upstream of the prlmary-nazzle tit end the sec-
cnaeryneaaur~stetionis  fked.17 kLchestrpstreEmloftheprimmy-
jet-nozzle &t. The tmperatures of both the primary Tp and aec-
w T, air supply were apprnrtmartnly SO0 F during these Investi-

gatLons. Thrms-t;~meas~dbyabalazkced-~~~eepn-typemeasur~
device.

Thenmilelactr ejectom aremade as large as the avaIlable air
capaci*xlll d&minordertordd.udze  the scale effect. The
primery-jet nozzle 2s a conical sect&m with a l.5O half-cans angle
a9 an exit aiameter of 4.0 inchee, end sn approach pipe with a
5.0~inchtiide C&meter. The conLcd.mixlngsectica~ has al5O
half-cans an&e 8MalO.O~inch-diametm?  gpproachpipe.  C-s in
the spacbbetweenthe  exI.toftheprksry-jet nozzle  sndthatof
the secadary nstdng section were made by inserting straQht flange&
speoers In the approach pipe ahead of the cc&d- w secticm.

Experimsntsl Data

The ef+fect of primary preesm33 ratio Pp/po and secondary pressure
ratio Ps/PO onlndicateil secmd.myweightflow Us for a fiEd
configuration 3.~ of great s%gdf%csnce.  F&e 3 presents ejector-
charaderlstic  curve8 t&d are typical of the conical-mend.xLng-
section ejectors investigakd. These we8 ShaT the variation of,
secondary weight fluw with pdmry pressure ratio for several sec-
ondary pressure ratTo&. At a primsry pressure ratio of lr(no prw
flow), the secondaryweightflowis  afunctfonofsecondarypresm
r a t i o  alone. With secondsry pressure ratios greater thsnl, &cream-
ing the primary pressure ratio rapidly blocks the secondary flow,
which had been using the total flow area. With secondary pressure
ratios less than 1, however, z!ncreasirg the prims~'y presm ratio
progressively b1ock.s the backward flow through the secondary m-3~~
section (not shmn in fig. 3) until a positive secondary flow is
obtained. ,
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Theeecondargwe~tflcvwreacheeapealcvalueand~decreaees
with further Lncreases in primary pressure ratfo for the two nma"ler-
diameter-ratio  ejectors. This trend is apparently  causedby a change
in the prkary-Jet-stream  configuration, which progressively mm more
of the mixing-section flow area thereby blocking, to varying degrees,
the aeconaery flow.

Thisphencanenonocc~dquiteconei~rrtlgintheexperfmsnts
but with verylng effectiveness,  being less effeotlve at larger dlmeter
ratios. For example, the l.ZL tiamter-ratio  ejector (fig. 3(a))
shows orJ.y a slQht over-&L block&g effect between primmy pressure
ratios of 1.8 and 2.0; whereas the secondary weight flow for the
l.OO-tiameter-ratio ejector (fQ. 3(c))  rapidly decreases to zero
slQhtly beyond a prlmry pressure ratio of 1.8. Figure 4 shows a plot
of secondRrywei@ltflow  w, agaAnstprhary  weight flow Wp for sec-
ondary pressure ratio 0f1.000 for the configuratlms  of fLgure 3.

G-eneralizaticm  of Expermtal Data

The date for each configuration are plotted -nmionally in
fzT&glres  5 to 7. Because the model was ccmgaratIvely-large,  the model
data can probably be applied to ejectors of various sizes with negll-
gible scele effect.
flow ratio Ws/kp

These curves pressnt secondmy-to-primary-weight-
hereinafter deeigmted weight-flow ratio plotted

a&.m3t prhery pressure ratio for a series of eecond8ry pressure
ratioe. Theoretically,  the curves of weight-flow ratio at secondery
pressure ratios greater or lees than 1 extend to positive and negative
rzlfinity,  respectively,  a6 the primerg preesure ratio decreases to 1.0.'.
These phemmena are indicated  in figums 5 to 7 by the rapid rise in
weight-flowratio  thataqccmpanLe8  decrease inprimarypressure  ratio
at secondary pressure ratios greater than 1.0 and by the decrease in
weight-flow ratio  that occur6 when the secor&ry presslute ratio is
less t&ml. For a secondary prcessure ratio of 1.0, however, as the
pr3mary pressum ratio approaches  1.0, the weight-flow ratio ap.proaohes
a value of the slope of the curve at zero as shown in figure 4.

SpaoLng for Maxlmm Wefgbt-Flow Ratio

Fm 8 consists of cross plots of figures 5 to 7 sharfng
weLght-flow ratio plotted 8gaInst s-pacing S/kIp at various secondary
pressure ratios and various primary pressure ratios. With a diameter
ratio of 1.21 or 1.10, ~EI shown in figures 8(a) and 8(b), the s-pa&q
that produces xmrIrmmweight-flow  ratio is unchanged by change In
secondqy pressure ratio or in prbnary pressure ratio.

. .

.
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At a diameter ratio of 1.00, however, the spacing appears to be much
more crlticsl, as shown in figure 8(c). Thereieaslightdecrease
in specing for maxbun weight-flow  rat20 with decreasing seconasry
pressure ratio and a definite decrease ti this spaca with increas-
ing pr3max-y pressure ratio. For the secondary pressure ratios of
l.ooO and 0.385 at a diameter rat50 of 1.00, the secondery weight-flow
undermost conditions  was a0 small thatahigh degree of accuru2ywas
unobtainable with the apparatus used. Therefore,  the weQht-flow ratio8
indicated in fTgut?e 8(b) for secw preesxu% ratios less than1.050
43x3 questionable. The curves 8howt however,the etpproximateweight-
flow ratios to be expected and give an indication of the crftical oper-
ation of ejectors at the diameter ratio of1.00. The range of spetcLngi3
for positive ejector pming action decrease8 and shifts to mndler
spacings with decreesin@;  diameter ratio. At a diameter ratio of
1.00 (fig. 8(c)), the range also decreases width increasw prJmary p~%e-
BUTB ratio and decreas3ng secondery pressure ratio; therefore,  the
spacing for en ejector design of this diameter ratio must be carefully
selected to insure positive plmsring action at 8J.l operating poU.ts over
arangeofpressureconditions. This relation further emphasizes the
fact that ejector operation at a diameter ratio of 1.00 is caqpara-
tively critical an6 shotid be avoided on turbojet-engine  Installatione.

t
Ejector Thrust

The effect of the use of an ejecti located within the spacbg
r-e formaximumwelght-flowratioorntotal thrust is 8hownInfigure
9. The solid line is the we of thrust developed by the prw-jet'
nozzle alone andif3plotteda@nstprJms2ypre8SLU18  ratLo. The &a.-&
points *present values of thnvst 0btaineatim ejector coMYgra.tLons
of dimeter ratio6 of 1.21, 1.10, and 1.00 at several sec0ndazy pres-
sure ratios. !l%eplotindice.tes eslightdecrease inthrwt frcmuee
of the ejectors. !Phe effect an t&rust of varying the spacing of ejec-
tors havtng dimeter ratio8 of1.21, 1.10, and.1.00 are shown in figures
10(a), 10(b), and 10(c), respectively.  These curves Lndic&e a decrease
intbrLzstwith8nincre~inspac~. At~spacingsandsomepres-
mm3 conditions, total f&rust is slightl.ygreater~prImarytbrust.
In genered, however, the conical nozzle ejector has little effect m
jet i&rust.

.
Ejector Configurations for Constant

. Weight-Flow Ratio

Char&were constm~tedfrm~figure  8to dowthe variationof
epac% Sbp with dim&er ratio Ds/Dp for constant weight-flow



6 NACA RM No. EBD23

ratio Ws/kp (fig. II). Each chart hm been plotted for one particular m .

prkmry pressure ratio Pp/po and one secondary pressure ratio Ps/po. .

The lirx3s of cm&an-t; weight-flow ratio Ws/wp define a series of e
ejector configurations  that will pmp a particul.~ we-t-flow ratio (0
mder the stated primary and secondmy pressure ccmditions. There is a tz
mlnimumvalue of diamsterratio andof spacing thatwill pump eachvalue
of weight-flaw ratio. & figure U.(a), lines ofmidmm diameter ratio
e.rkL mkkrm spacw have been drawn through the respective minimxm points.

The ejector configurations  bounded by the lines of minimm diaru-
eter ratio andr&&mum spacing em the configurations  that will, in
general, be of interest to ejector designem. Within this region the
designer has a certain emount of latitude in the selectian of spacing
and d&meter ratio for a particular value of weight-flow ratio. Reduc-
tioninthe required spacing canbe obtdned by increasing  the diameter
ratio the proper amount; the inverse is also true. Outside of this
range of configuratiorm,  however, both diameter ratio and spacing must
be Increased to obtain a particular value of weight-flow ratio.

At scans press conditions, particularlytho~ of higher secund-
sxy pressure ratios, the configurations  at minlnnm SpELcfng were not
reached within the range of diameter ratios a.ucI positive spacfnge inves-
tigated. The cherts,however,ind.icate  that the designercanmake
oon~~iderable  reductionin spat* frcanthatu8ed attheminimmdiam-
eter ratio.

Selection of Ejector Design

Considerable reduction in spacing frcan spacing at minimum dl&3meter
ratio can be realized by increasing  the diameter ratio (fig.ll). In
airplane in&&U.&ions, use of ejectors tith the mlnimmn BP-w is
desirable because of space limitations aud also because the mailer
spacia@;s provide the least loss in thrust. Des* Umitatiorne deter-
mine the amuntofincrease  indiameterratio thatcanbe allowed In
order to obtain reduction in spacing.

In add.ition,  CO?l6idsratiOIlmust  be given to the performance of the
ejector at several operating conditions, particular4 if several criti-
cal. conditions exist arourd which the ejector m.st be designed. The
pumgingchammteristics over arange of pressure conditions caube
vaxied to a limited extent by selection of spacing end diameter ratio.
An example of variation in puqping chara,cteristics that can be obtajned
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.

withtwoejectors thstpmp the sme wei&tfWwatapartic~  design
operating CoditicuLfs given in figure 12. One configuration is the
minimum-titer-ratio configuration and the other is at the minimum-
spacing configuration. Figure 12(a) shows the variation of the weight-
flow ratio with secondary pressure ratio Ps/po for the two configura-
tions, and 12(b) shows the weight-flowratio  plotted sgdnet prImmy
prf3ssure ratio Fp/po. Both plots indicate thett the ejector at&x&mm
spacing gives the least deviation in weight-flow  ratio frcxa that at the
design pressure condition.

SOMMARY OF RESULTS

Performance invest*atfons were conductea  on model conical-mnng-
section ejectors with ratios of mbing-eectiondnimtm diameter to
primary-jet-nozzle diameter of 1.21, 1.10, 8nd 1.00, and several axial
spacings, using unheated air. Results were cross-plotted in order to
show the perfommce of ejectors with configurations within the range
of those investigated. The ejectors investi&& conducted eecondary
air flows of about 15 percent of the prImmy flow Qhen the secondary
pressure ratio was less th8n m equal to 1.0. In general, the net thrust
of the ejector was nggli@;ib4 different fKlgn the thrust of the primary
jet done.

The ejector spacing required to pmp mazamml weight flow w&8 inae-
pendent of prImary and seconasry pressure ratios for diameter ratios of
1.21 and 1.10. The spacfng for the 1.00~aiamster-ratio ejectm varied
considerably with primary pressure ratio and to a lesser &ant with
secondary pressure ratio. The range of spacings giving measur&le sec-
ondmy weight flows decreased rapi6ly with decrease in diameter ratio
toenextremelynsrrow useful spacingrange  atadiameterratio  of1.00.
The naxrow range of usable spacings end the variation of ejector effec-
tiveness with chmge in primary amI secondary pressure rat50 Indicated
thd operation of the 1.00~diameter-ratio ejector was very critical.
The use of ejectare with diameter ratios near 1.00 should therefore be
avoided. The.lsrger the diemeter ra.tio the less sensitive the ejector
was to operational and constructionsl vsriables.

Flight PmpuleionResearch I&oratory,
National. Advisory Ccmmittee for Aeromutics,

Cleveland, Ohio.
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TP

+I T f
F&olr +

Dp exit diameter of primary nozzle

D, exit diameter of mixing section

PO

pp total primary pressure

p, total aecondarr pressure

p. ambient pressure

3 distance from primary exit to mixiq-section eat
Tp prtiary air temperatUrO,°F

T, secondary air temperature, OF

Wp primary Weight flow, lb/set

W, secondary weight flow, lb/set

a half-cone angle, dsg

pdpo primary pressure ratio

P,/po secondary pressure ratio

Figure 1. - ~aspenclature fur l jsatorr with cuniarl midng sections.
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1.0 1.2 1.4 1.6 1.8 2.0 2.2
PrImarg pressure ratio, pp/pO

(c) spacfng s$,/;.440; diameter ratio

9 P' 1.00.

Figure 3. - Concluded. Effect of prfmarg and second-
ary pressure ratios on induced secondary weight
flow for conical-mixing-section ejector. Seoondarg-
to-primary-air  temperature  ratio T,/Tp, 1.0.
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0
1.0 1.8 1.4 1.6 1.8 8.0 I3.2 2.4 Ic.5 2.8

Primary ~essure ralo, F&p0

(b) spsolng s/Dp 0.266.

FiguFe 5. - continusd. YUfeot of p-.buary and rreuondary prsasurs  r8tfor  and
8pmdng  on sjsotor rslght&-low  rat10 ror a oonlaalalxlng-asotlon  ejaotor
having  dlamater r8tio of l&l.
T /T

Saaondar~-to-primqair  tslnpsrrture  ratio
8 P

, 1.0.

.



NACA RM No. E8D23 17

.

.28

.24

.04

0 - --1.0 1.2 +4 1.6 1.8 2.0 2.2 2.4 2.6 2.8
Prbnaq pressure ratio, Pp/PO
(c) spacing S/Dp, 0.520.

FigUre 5. - Continued. Effect of primary and secondary preaaurs ratios and
spacing on ejector weight-flow ret10 for a conicahnlting-section  ejector
having diameter ratio of 1.21.
TdTp, 1.0.

secondary-to-primary-air temperature ratio

.
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.24

1.050
1.000
.Q85
.925

PAnary pre8sure ratio, P/PO
(d) 8paolng 5/Dp, 0.813.

Fi@N'e 5. - Continued. sfeot of primary and secondary pressure  ratio8 and
spaaing on ejeotor weight-flow ratio for a conioal-dd.ng-se&ion ejeotor
having diameter ratio of 1.21. Qeoondarg-to-primary-air  tmperature  ratio
T,/Tp, 1.0.

.
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.24 I I I I I I I I I secondary preaeure
I \I ratio, G /w H

a0

r”r”
- .16
3
b
g
F

.12

3
g .08

.04

0
1 . 0 1 . 2 1.4 1.6 1.8 2.0 2 . 2 2 . 4 2 .6 2 . 8

FTm gresaura ratio, p-w

(0) Spl.cing S/s. ld4Q.

Figure 5. - continued. Btfect of primary and plecondary preaaure ratioa end
spacing on ejector reight-flow ratio ror a conical-misbg-section  ejector
having diameter ratio of 1.21.
Ta/Tp, 1.0.

Secondary-to-primary-air temperattire ratio

.
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I I f I\ --1. ..e*
I I I I-
Secondary prsssurm

ratio, Pm/po
_ 0 1.050

q l.wo---.885
l Q25

1.0 1.2 1.4 1.6 '1.e 2.0 2.4 2.6 2.8
Primary pressure ratio,

(f) SPa01ng S/Dp, 1.795.
Fif$Ire 5. - Continued. Effect of primary and secondary pressure aatioa and

apaolng on ejeator weight-flow ratio for a oonicallmlxing-aeotion  ejector
having diameter ratio of 1.21.
Ts/T , 1.0.

secondary-to-primary-air temperature ratio
P

.

.

P

.
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.24

.16

22

.08

.04
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I
Secondary pressure
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FigUr4 11. - continued. variation of spacing with
diameter ratio for constant weight-flow ratios
and constant pressure ratios.
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Figure 11. - Continued. Variation of spacing with
diameter ratio for constant weight-flou  ratios
and constant pressure ratios.
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Figure 11. - continued. Variation of spading with
diameter ratio for constant weight-flow  ratios
and constant pressure ratios.
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Figure 11. - continued. Variation of spacing with
diameter ratio for constant weight-flow ratios
and constant pressure ratios.
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Figure IL - Oontinued, Variation of spacing with
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Figure 11. - Continued. Variation of spacing with
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:

*

.



* N A C A  R M  N o .  E8D23. 67

1

1.

l
.

3.t

3.:

2.E

3

3

4

' ' ' ' ""I111111 I I, II I ,I, I

2.

22.
3

2.1

0

I I (.06A I /I, /II 111 III III II I I
l//l//lf/y/y/~ /I/ /II 1

H

I
weight$ w ratio

3L

a

1.6

5

.8

.4

0

.odI 111 II/ I II II I I \ I\ u \ I \ I
III II\ \ \l\j,\1\1\

LOO 1.04 1.08 i.le 1.16 1.20 1,124

DiEutmter ratio, D/Dp

(d) continued. Secondary  preaaure ratio P /po,
1.050; primary pressure ratio Pd o,p f.6.

Figure 11. - continued. Variation of spacing with
diameter ratio for constant weight-flow ratioq and
constant pressure ratioa.
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Figure 11. - Continued. Variation of spacing with
diameter ratio for constant weight-flow ratios and
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Figure 11. - Continued. variation of spacing with
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